Abstract The oxidation of elemental phosphorus (P4) by elemental sulfur (S8) has been studied by a combination of 31P nmr and Raman spectroscopic techniques. At temperatures below the auto-ignition temperature, a molten mixture of the elements gives rise to a complex mixture of products which are dominated by phosphorus sulfides which have a high S/P4 ratio. Both the rate at which the products are formed and their distribution support the formation of a reactive P4S8 intermediate which then cascades through a series of reactions, incorporating the sulfur atoms into the phosphorus cage. Two new phosphorus sulfides (of composition P4S6 and P4S8) have been identified in these product mixtures. 
INTRODUCTION

EXPERIMENTAL PROCEDURE
All reactions were performed either under vacuum or dry, oxygen free nitrogen using standard Schlenk techniques. The purity of the phosphorus (commercial vs. distilled) did not appear to affect the outcome of the chemistry.
The Raman spectroscopy experiments were performed by observing reaction mixtures through a quartz flat sealed to the bottom of a mechanically stirred quartz reaction vessel. The reaction zone was a cylinder 2 cm long and 1 cm in diameter , heated with nichrome wire wound around the cylinder. The spectra were recorded using a fiber optic probe placed in contact with the quartz flat. The reaction was profiled by recording spectra at regular intervals over the course of 8-24 hours, depending on the mixture and the reaction temperature. 31P nmr spectroscopy was performed at 300 and 400 MHz (proton frequency) in standard 5 mm tubes. All reaction mixture nmr tubes were sealed under moderate vacuum (10-12 mmHg total pressure). The stoichiometry of the major products indicates the mechanism involved in their build-up does not involve the formation of sulfides of low S/P4 ratio followed by successive oxidation to the higher sulfides. This was confirmed by subjecting 1 to the conditions of a typical reaction. The rate of the reaction of P4 with S8 is similar though not identical to the rate of polymerization of sulfur, assuming the activation parameters derived from vulcanization studies.5 These two observations make possible the suggestion that the first steps in the reaction of phosphorus and sulfur is the ring opening of S8 to give a diradical, 13, followed by addition to P4 to give a new diradical, 14. Closure of 14 to give P4S8 isomer 15 is a logical consequence, and could explain the high S/P4 ratios observed in the products. The transformations which link 15 to the major products 3, 6, and 11 should then preserve most of the sulfur atoms found in 15. These reactions should be faster than the initial formation of the S8 diradical in order that they not be observed by nmr spectroscopy. However, a simple calculation places the maximum half-life of these unobserved intermediates at approximately 10 minutes. Similar structures are known to react rapidly enough to satisfy this requirement. 
